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THE ETIOLOGY OF CORONARY HEART DISEASE:
A Review from the Epidemiological Standpoint**
There are many theories today concerning the etiology of coronary heart
disease, but much of current thinking can be summed up in two syllogisms.
The first is, "Coronary heart disease is becoming more common; you cannot
have coronary heart disease without atheroma: therefore, atheroma must
be more common"; and the second, "Populations with high death rates
from coronary heart disease have on the average a high serum cholesterol;
atheroma contains cholesterol: therefore, a high serum cholesterol causes
atheroma." Although in each of these arguments the premises are correct,
the conclusions are questionable; and this is not surprising since the
Aristotelian fallacy of the undistributed middle is committed in both.
PATHOGENESIS OF DEGENERATIVE DISEASE OF MAJOR ARTERIES
The author does not claim the authority to review the extensive and
contradictory literature on the pathogenesis of degenerative disease of
the major arteries nor would such a review be appropriate in the present
paper. Nevertheless it is desirable to refer to some work in this field,
both because a clarification of the terms to be used below is essential, and
because some of the current theories are better born out by epidemiological
evidence than others. Duguid' has drawn attention to the fact that there
may be at least two entirely separate factors which contribute to the
formation of an atherosclerotic plaque. The first of these is structural
damage to the intimal layer of the arterial wall, which he believes results
from the shearing strains imposed by the constant fluctuation of arterial
tension; this view has been developed by other workers,"' and Adams and
his collaborators"'7 have recently shown that degeneration of the elastica,
presumably consequent to these shearing strains, is itself a source of
lipids. The second factor Duguid"8 postulates is a development of the
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early views of Rokitansky,' namely that of a thrombotic process in which
thin films of fibrin and small aggregations of platelets are laid down over
the intima and undergo organization with the result that the intima
becomes thickened. This he believes occurs where degeneration of the
elastic tissue has already taken place so that these mural thrombi become
indistinguishably merged with the preceding degenerative plaque. Support
for this second suggestion is to be found in the work of Crawford and
his collaborators"l who have demonstrated that fibrin originating from
the blood stream may become incorporated in the vessel wall during the
development of an atheromatous deposit, and claim that in the arterioles
of spleen such organized thrombi may become covered with endothelium.'
They too state that they "have never observed mural thrombosis over an
undoubtedly normal aortic wall."' Because this process of organization
of thrombi encroaches on the lumen it will cause stenosis of the artery,
a result which is not necessarily consequent to degeneration of the
elastic tissue. In this paper the element in atherosclerosis arising from
degeneration of elastic tissue will be referred to as primary mural atheroma
and that which results in luminal narrowing as stenosis and organized
thrombosis. Although, in the more advanced stages the two seem to be
different routes to a common end, and although mural atheroma is usually,
to a greater or lesser extent, complicated by some stenosis it will be
suggested that it is useful and important to consider the two processes
separately.
THE MODERN EPIDEMIC OF CORONARY HEART DISEASE AND ITS BASIS
Are we sure coronary heart disease is becoming more common!
There is no doubt that the reported death rates from coronary heart
disease have become higher in most Western European countries' as well
as in the United States of America."79 There are three possible explanations
for this: first, that this is a genuine reflection of an increased incidence of
the disease; second, that it is merely a result of the increasing age of the
population; and third, that it is due to changing diagnostic practices of
physicians. The second reason can be easily disposed of by standardizing
death rates for age and this has been done."'2 -'1 The third reason is
not, however, so easily dismissed. One set of arguments against changing
diagnostic practice being the only reason for the increased death rates
runs as follows. If death rates at any given moment in time for various
countries are ranked, there is a relationship between the ranking of those
death rates and the age specific male/female sex ratio of the death rate
from the disease. An example of this is shown for 1954 in Table 1 and
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Figure 1, where it can be seen that where the national death rate is low,
e.g. Japan, the sex ratio does not change perceptibly throughout the age
range 40-85 years. For countries in which the death rate is slightly higher
(Italy, France, etc.) there is a tendency for the sex ratio to rise at age
50; for countries where the death rate is higher still the preponderance
of male to female deaths becomes greater and the age of the maximum pre-
ponderance shifts from 50 to 45. In the countries with the highest death
TABLE 1. DEATH RATES FOR CORONARY ARTERY DISEASE IN MALES AGED 40
AND OVER FOR VARIOUS COUNTRIES IN 1954, STANDARDIZED TO THE
IRISH POPULATION IN 1951*
Country Death rate per 1,000
1. United States 964
2. Canada 795
3. Austria 711
4. New Zealand 689
5. Scotland 638
6. Finland 611
7. England and Wales 559
8. Denmark 527
9. Sweden 408
10. Republic of Ireland 363
11. Norway 356
12. Netherlands 327
13. Switzerland 295
14. France 144
15. Italy 139
16. Japan 60
* From Acheson and Thornton.'
rates of all, which are mostly English-speaking countries, the maximum
preponderance of male to female deaths is in age range 40-44 and this
is the highest sex ratio for any of the analyses. Furthermore, if the changes
in sex ratio are traced through time in countries in which the death
rates have been rising steadily, a similar pattern manifests itself and
this is shown in Figure 2. For such a relationship between absolute death
rate and sex ratio to be the result of an artefact arising from diagnostic
habits of physicians, there would have to be remarkable collusion between
those physicians. They would in fact have to decide the state at which they
think a progressively younger and younger group of men have a higher
and higher death rate and correlate this very closely with the over-all
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pattern of deaths in the country concerned. Alternatively, the increasing
diagnostic acumen which permits physicians to pick out more and more
cases in young men (among whom the quality of medical care tends to
be good) would have to have increased pari passu with the increasing
death rate through time in the British Isles (see Fig. 2). This is possible;
it is much less likely that the patterns shown in Figure 1 of data from
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FIG. 2. Sex ratio (M/F) of death rates from coronary artery disease for England
and Wales, and Ireland for three decades, and for Scotland for two decades, during
which the over-all death rates were rising steeply. The Scottish ratios for the period
1925-1934 are not given because emigration as a result of the depression made it
impossible to estimate the population at risk (from Acheson and Thornton"2).
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different countries at a single point in time is due to an exactly equivalent
correlation between rising death rates and improved diagnosis. Thus
the more probable of these explanations would seem to be that, although
the population is getting older and although the diagnostic patterns of
physicians may indeed have changed, by far the most important reason
for the rising death rates is an increase in the incidence of the disease,
especially in middle-aged men.
Dissociability of primary mural atheroma from stenosis and thrombosis
The classical studies of Morris'5"' showed that there has been no
perceptible increase (in fact, there has been a suggestion of a fall) in
the amount of mural atheroma in the population of London in particular,
and possibly also England and Wales, over the past 50 years. As a result
of this work, he made a distinction between what he calls the mural and
the luminal element in coronary heart disease,5' terms which are
closely equivalent to primary mural atheroma and stenosis and thrombosis
as defined above. These surveys, which are based on necropsy studies,
also indicate that there is an increase in the amount of luminal disease;
indeed, if his conclusion that the mural element is no more common than it
used to be is correct, there must have been a considerable increase in
the amount of thrombosis and his work suggests that this is the case. Cer-
tainly Parrish's'" claim that his recent analysis of the necropsy data
from the Grace-New Haven Hospital refutes Morris' work is not justified.
He does show that "atherosclerotic blockage" has become more common
between 1935 and 1955, but then Morris found that stenotic lesions had
undergone a secular increase and it was evidently on the basis of stenosis
alone that Parrish graded the severity of arterial degeneration-he did not
consider the extent of mural involvement per se. It is the purpose of this
paper to review epidemiological studies which support the hypothesis that
thrombosis both in the organizing and massive forms is becoming more
common but mural atheroma is not; certain conclusions about the probable
etiology of the coronary heart disease will be drawn.
SERUM CHOLESTEROL AND THROMBOSIS-THE PROBLEM IN MIDDLE AGED MEN
Serumn cholesterol and blood coagulability
Correlations have frequently been demonstrated in populations between
the death rate from coronary heart disease and the average level of serum
cholesterol; where one is high, the other is too, and vice versa.'3' 28-28 High
serum cholesterol levels have also been demonstrated in individual patients
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who have recently suffered a coronary thrombosis.17" The first finding has,
however, been met with the argument that the correlation need not neces-
sarily be any more meaningful than that which almost certainly exists
between coronary heart disease and less obviously relevant statistics,
such as the number of telephones per head of population; and the second,
with the suggestion that high serum cholesterol could be a result of the
thrombotic episode rather than having anything to do with its cause.
Recent work from Framingham, Massachusetts has to a large extent dis-
posed of these objections."0" There the serum cholesterol, together with
other clinical observations, of several thousand people are recorded; the
people were then followed up for a period of six years and the incidence
of coronary heart disease among them closely studied. It was found that
among those in whom coronary heart disease developed the original serum
cholesterol level was on average higher than in those in whom the
coronary episodes did not occur. Furthermore, there was a close correlation
between the actual level of cholesterol at the preliminary examination and
the subsequent liability of developing coronary heart disease. It should at
this stage be stressed that, although a raised serum cholesterol correlates
closely with liability to coronary thrombosis, there is little, if any, scientific
evidence that cholesterol per se actually causes the thrombosis, stenosis,
or the underlying atheroma. Oliver and Boyd' have recently shown that
reduction of the serum cholesterol over several years by pharmacological
means in men who had suffered a myocardial infarction did not reduce
the incidence of recurrent thromboses; it is not, however, known whether
such reduction affects the incidence of coronary heart disease in
previously healthy people. It is probable that elevation of the serum
cholesterol is a sign of a disordered lipid metabolism, and that other
factors associated with this disorder are more intimately and directly re-
sponsible for bringing about the thrombus formation""' which may take
the form of a massive clot occluding the coronary artery; alternatively, as
has been suggested above, it may consist of repeated small thrombi which
coelesce with existing atheromatous degeneration. Clinical and laboratory
research has indicted a number of lipid fractions, for instance ,8-lipoprotein,
pre- -lipoprotein, phosopholipids, triglycerides, etc., as probable acceler-
ators of blood coagulation." This work has, of course, been performed
in vitro because thrombus formation in the living animal is notoriously
difficult to produce; nevertheless it seems reasonable to postulate that
a raised serum cholesterol is an important associated factor in the path-
ogenesis of coronary heart disease because of the accuracy with which it
indicates the presence of other substances which may in turn cause thrombus
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formation. Although raising the serum cholesterol in the chick and the
rabbit by feeding unnatural diets causes deposition of cholesterol in the
intima of major arteries, " and such deposits are evidently the consequence
of the cholesterol permeating through the intima,T the resulting lesions are
not the same as coronary atheroma in man, nor have we knowledge that
human atheroma develops from such deposits.! This then is the basis
of a second hypothesis (see Fig. 3). Let us now investigate population
studies to find whether they support the suggestions that:
Disordered Lipid
Metabolism and
Raised Cholesterol
Stenosis and Mural
Thrombosis Atheroma
| CORONARY HEART DISEASE
FIG. 3. Schematic representation of the basis of the present hypotheses, concerning
the pathogenesis of coronary heart disease.
1. The rise in the incidence of coronary heart disease is due to an
increase in the amount, not of disease in the wall of the artery, but
of disease in the lumen.
2. That elevation of the serum cholesterol points to a patient in whom
the blood may thrombose more rapidly because of an associated dis-
order of lipid metabolism, rather than to a patient who is likely to
develop excessive disease in the arterial wall.
Physical activity at work, serum cholesterol and thrombosis
The original and most impressive evidence to support the theory that
physical activity at work is prophylactic against coronary heart disease
is to be found in the studies of Morris and his colleagues.''" It should
be remembered that these epidemiological investigations were not con-
fined to a comparison between bus drivers and bus conductors, but
contrasted the postman who walked from door to door with the sedentary
male post office telephone operator, and also considered the mortality figures
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for all the manual occupations in England and Wales around the period
of the 1931 Census. In all the industrial groups studied it was found that
the incidence of immediately lethal coronary thrombosis was lower amongst
those who were physically active than amongst those who were sedentary.
There were, however, three other interesting findings in this research
to which reference is not so often made; first, physical activity does
not seem to protect against angina pectoris,' second, it does not protect
against mural atheroma formation,"2' and third, the prophylactic effect
of exercise lessons with increasing age.'-' Laboratory work and population
studies have suggested that exercise reduces the serum cholesterol and the
blood lipid content and also the in vitro coagulability of the blood,"'"""'
and recently Morris and his team have demonstrated that in the London
bus drivers the serum lipids and cholesterol are higher than in the con-
ductors,"' 70 n although there is no evident difference in their diet.' Thus
we have evidence of a three-way relationship: a physically inactive popula-
tion with a high liability to coronary thrombosis, which also has a high
serum lipid and cholesterol content, and the laboratory finding that exer-
cise reduces both serum lipids on the one hand and blood coagulability
in vitro on the other. Here then is support for the two hypotheses we have
set forth above.
Body build, serum cholesterol, and thrombosis
Assessment of the literature concerning the inter-relationship between
the three variables, physique, serum cholesterol, and coronary thrombosis,
is greatly complicated by the many methods used in the measurement of
physique. One of the earlier studies to elucidate any such relationship
was that of Gertler and White"." in which it was shown that men suffering
an acute coronary thrombosis before the age of 40 had both a higher amount
of mesomorphy" and, to a lesser extent, of endomorphy" in their physique
than did a matched control group; it was also shown that these patients had
a lower ponder index" than the controls. Other work indicates that those
dying from coronary disease aremore mesomorphic6"' and that the incidence
of clinical episodes of coronary heart disease is greater among men who have
excess weight for their height.1'
-` `` The basis of this excess weight for
height is thought by some authors to be mostly muscle and bone.17' "'"' and
by others to be adipose tissue.' '- ' ' The only clear way of summarizing
this rather confusing state of affairs is that a quality which might loosely
be called burliness* seems to be associated with a greater than average
*Burly. Of a stout and sturdy build. (Oxford English Dictionary.)
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predisposition to coronary heart disease. In the case of the London bus
crews the drivers, who suffer the higher incidence of coronary thrombosis,
are unquestionably burlier than the conductors,T' 7'" and in both drivers and
conductors the highest incidence of coronary heart disease is among those
who within each occupational group are burliest. Heady, Morris and their
colleagues have, however, been able to show that in this population the
effects of activity at work and of physique are independent of each other;
the incidence of new attacks is at least twice as high among the drivers as
among the conductors when physique is held constant, but it is also twice
as high among the burly conductors as it is among the thin conductors. It
has also been shown that burly men have higher serum cholesterol levels
than thin men in the same population,'" and it has been claimed that
burly men who have coronary heart disease have an even higher serum
cholesterol than such men who are free from coronary heart disease.' Again
there seems to be the three-way relationship involving a quality, in this case
"burliness," associated on the one hand with an increased liability to
coronary heart disease and on the other with a higher than usual serum
cholesterol. It is not possible, however, to be sure on currently available
evidence whether the basic determinant in burliness is muscularity or fatness
or a combination of the two, but the cause of burliness and raised cholesterol
could well prove to be a common factor such as appetite.
Cigarette smoking, serum cholesterol, and thrombosis
A three-way relationship similar to that demonstrated above may also be
demonstrated in comparing serum cholesterol, coronary thrombosis and the
smoking of cigarettes. Here, however, an interesting qualification, which
has been hinted at in discussing the effects of physical exercise,0'
'77
seems much more definite: namely, that the relationship between cigarette
smoking and coronary heart disease does not obtain after the age of 65
years. The increased liability of middle-aged male cigarette smokers to
develop coronary heart disease has been demonstrated by several
authors,7'
"" 88-01 and there have been many population studies which claim
that smoking is associated with a raised serum cholesterol in men of middle
age.`'" The lack of association between smoking and coronary disease in
old men is also a finding in large-scale prospective population studies," '
as well as in smaller investigations,77 one of which also demonstrated
that there is no correlation between use of tobacco and level of serum
cholesterol over the age of 65.7` ' For the middle-aged man, however, the
association between cigarette smoking and coronary disease has an elevated
152
Volume 35, October 1962Etiology of coronary heart disease ACHESON
serum cholesterol as a third correlate, as was the case in respect to physical
activity and burliness.
Food, serum cholesterol, and thrombosis
The best documented aspects of this field are the facts that a diet which
contains a high proportion of its calories in the form of saturated fats raises
the serum cholesterol"'l'0' and that populations eating such diets have a high
incidence of coronary heart disease."6'
' 8 108 The conclusion that such a diet
is a major factor in the cause of this disease is also based on clinical and
laboratory observations, and because these have been so extensively
reviewed"'' " 8 8 no further space will be devoted to the matter here. It
is worth noting, however, that Bronte-Stewart08 has suggested that the
effect of cigarette smoking may be to act on the palate in such a way as to
increase the desire for eating fats. He has adduced some evidence in support
of this theory but as he himself admits this is at the moment inconclusive.'08
Stress, serum cholesterol, and thrombosis
Stress has a wide range of connotations, none of which lend themselves to
the kind of repeatable measurement which is the basis of sound epidemio-
logical work. It is hardly surprising, therefore, that there is no agreement
as to whether or not it plays any part in the pathogenesis of coronary heart
disease. In the present context it is of interest to note, however, that
Friedman and Rosenman,10 107 who claim to have established a causal
relationship between stress and coronary thrombosis, believe that stress also
raises the serum cholesterol.
Other disease, serum cholesterol, and thrombosis
A common characteristic of several other diseases which carry with them
an increased liability to coronary heart disease is that many patients suffering
from them have raised serum cholesterol levels. Examples include xanthoma-
tosis, nephrosis, diabetes mellitus and myxedema. These are of dual impor-
tance because they provide direct support for the present theory and offer,
as well, clues about the hereditary aspect of the disease. We have come to
look upon genes as a set of keys or templates which determines the pattern
of metabolic processes in individuals; if some of these keys are faulty,
resulting in an error of metabolism, the error may be of sufficient magnitude
to cause overt disease or it may be subtle enough to cause only a minor
disorder of metabolic balance (first degree relatives of xanthomatotics tend
to have considerable elevation of the serum cholesterol and increased liabil-
ity to coronary heart disease, although they do not all have xanthomatosis).'08
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The faulty genes may be directly concerned with the control of fat metab-
olism (e.g., xanthomatosis) or fat metabolism may become involved sec-
ondarily to a disorder in some other metabolic cycle-for example, the
anabolism and catabolism of carbohydrates in diabetes or thyroxine syn-
thesis in myxedema. It has also been suggested that persons may vary in
their liability to coronary heart disease according to their ABO blood
groups;' should this view become established as a fact it may point to
a genetic aspect of the disease which is not concerned with fat metabolism.
ATHEROMA AND HYPERTENSION
The studies of Dawber and his colleagues in Framingham show that
arterial blood pressure is even more closely related with a liability to
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FIG. 4. The independent and cumulative effects of raised serum cholesterol and
raised arterial pressure in determining the risk of developing coronary heart disease,
calculated from the prospective survey at Framingham, Massachusetts. (Fig. 4a after
Kannel, et al.' Fig. 4b after Dawber, personal communication to Morris.'- )
coronary heart disease than is serum cholesterol.' Those who had a high
arterial pressure at the time of their first examination had twice the liability
of the whole population under investigation to develop a "coronary" whereas
those whose arterial pressure was under 120 had only a quarter of the
average rate of new coronary incidents occurring amongst them. The
association between hypertension and atheroma is well-known and in
Morris's national necropsy study0' it was demonstrated that serious
atheroma occurred much more commonly amongst those with hypertension
than amongst those with any other disease except coronary heart disease.
Is it possible that by causing lipid degeneration of the elastic tissue in the
arterial wall the relationship between hypertension and coronary heart
disease acts through the medium of atheroma and that this is, as it were,
a separate "axis" from the cholesterol-thrombosis axis which has already
been reviewed? Turning again to the Framingham study, evidence can be
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found in support of this suggestion. For here it was shown that the associa-
tions between liability to coronary disease with hypertension on the one hand
and with raised serum cholesterol on the other were independent;2 that
those with a high blood pressure and a low cholesterol did not have as much
chance of developing a coronary as those with a high blood pressure and
a high cholesterol (see Fig. 4). Furthermore, when the data were pre-
sented the other way round, the obverse relationship was also demonstrated.
It has been shown in other studies that there is little, if any, correlation
between serum cholesterol and the other diseases which are associated with
atheroma (e.g., hypertension and cerebrovascular accidents),
'' that
T[ow-iness Burlness Smokg Hypertensdon
Disordered Lipid soft Metabolism and i
Raised Cholesterol/ Wae.
I / //
Stenosis and Mural
Thrombosis ||Atheroma|
CORONARY HEART DISEASE
FIG. 5. Schematic representation showing the possible interaction of the various
factors which have been identified epidemiologically as increasing the risk of coronary
heart disease. (For meaning of "burliness" see first footnote in text.)
smoking correlates negatively with blood pressure,'95"'' and that cerebro-
vascular accidents and atheroma can be prevalent among underdeveloped
peoples in whom coronary thrombosis may be rare."14'9 Indeed, Paterson and
his colleagues.11 failed to demonstrate any correlation between serum choles-
terol measured during life and the extent of atheroma at necropsy. Finally,
analyses of vital statistics suggest that neither hypertension itself (ISC
Nos. 440-447) nor the closely related diseases grouped loosely as cerebro-
vascular accidents (ISC Nos. 331-332), in the majority of which atheroma
plays an important causal part, have increased during recent decades in
countries where coronary heart disease is very much more common.'
This epidemiological information fits in well with the concept of athero-
genesis put forward by Duguid,1'2 developed by Adamse and referred to
above, for it is in hypertension that degeneration of the elastic tissue and
therefore accumulation of lipid in the outer intima-or mural atheroma as
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defined above-is most likely to occur. Thus, to summarize, mural atheroma
has become no more common, nor it seems have the commonest atheroma-
tous diseases, with the single exception of coronary heart disease. The factors
which are associated with an increased liability to coronary heart disease
can all be correlated with a raised serum cholesterol and by inference with
a raised liability to thrombosis. This may either take the dramatic form
of a massive thrombus which causes an infarct, or may be an attenuated
TABLE 2. EPIDEMIOLOGICAL CHARACTERISTICS OF CORONARY HEART DISEASE
AMONG A POPULATION OF 221 MEN AGED 65 TO 85 YEARS
Significantly differing characteristics (at
5%io level or less) of men with coronary
heart disease, as compared with controls
Case group: Older
Heavier for height (burlier)
Higher diastolic blood pressure
Characteristics or habits not differing
significantly (over 5% level) of men
wuith coronary heart disease, as
compared with controls
Height uncorrected for weight
Weight uncorrected for height
Subcutaneous fat
Systolic blood pressure
Displacement of cardiac apex*
Serum cholesterolt
//a lipoprotein ratio
Use of tobacco in pipe or cigarette
Consumption of alcohol
Physical activity at work before retire-
ment
* Located clinically, and measured from midline across chest wall.
t In eight men who had old myocardial infarctions diagnosed electrocardiographically
the serum cholesterol was significantly higher than that of the control group (P <
0.05).
and chronic process in which repeated aggregations of platelets become
adherent to the plaque which originated in the wall, and which after
organization form stenosing lesion which is reasonably homogeneous. The
new factors cannot, however, be correlated with either mural atheroma itself
or with hypertension. The arguments thus far are illustrated in Figure 5.
Soft water and atheroma
Recent work in a wide variety of geographical areas and among peoples
living under very different socio-economic conditions1"' has revealed the
surprising fact that in areas where the water is soft the death rate from
certain types of cardiovascular disease and in particular those types certified
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as cerebrovascular accidents (331-332) and myocardial degeneration (422)
are much higher than in areas where the water is hard. The relationship
between the softness of the water and coronary artery disease ISC 420 is,
however, much lower. Projecting the arguments laid out above, this would
suggest that water hardness and softness is one of the determining factors
in the etiology of atheroma or perhaps in arterial pressure rather than in
thrombosis itself.
CORONARY HEART DISEASE IN OLD MEN
A survey by Acheson, Jessop and others" 77 101.19-rn' of the epidemiology of
coronary heart disease among a population of 267 men aged 65 to 85 years
TABLE 3. THE CORRELATES OF SERUM CHOLESTEROL IN A POPULATION
OF OLD MEN
Characteristics shozeing significant Characteristics or habits shozving no
correlation (at 5% level or less) with significant correlation (over 5% level)
serutm cholesterol with serum cholesterol
Cholesterol correlated positively with: Cigarette consumption1°
Decreasing age'9 Alcohol consumption'01
Increasing burliness' Physical activity at work before retire-
Increasing fatness'8 ment
5/a lipoprotein ratio Blood pressure-systolic or diastolic
Frequency of pre-, lipoprotein Total serum protein
f- globulin
Dietary index of protein consumption"°
Superscripts indicate references to information already published; other correlations
are published for the first time here.
on the pension list of a large industrial concern has been reported in extenso
elsewhere. The findings in the previous analyses are, however, summarized
in Tables 2 and 3, and certain of the data are also re-analyzed here (Tables
5-9). The most important differences between the findings in this age
group and those for middle-aged men (reviewed above) are: 1) apart from
eight men whose electrocardiograms showed they had suffered myocardial
infarctions, there was no difference in level of serum cholesterol between
those diagnosed as having coronary heart disease and the controls; for
cigarette consumption and previous physical activity at work there were no
differences at all. It was also found that there was no correlation between
the serum cholesterol in this age group and the consumption of cigarettes
and that, whereas in younger groups the mean serum cholesterol level
increases with age,WI
W,M'
"IM
=I in in these old men it is significantly lower
among the older than among the younger members of the group.' Although
our observation that there is a lack of correlation between smoking and
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serum cholesterol in old men is to the best of my knowledge original, the
other findings are consistent with the work of others"
3 80 W. Thus
it would seem that in several important respects the epidemiology of
coronary heart disease in old men differs from that in middle-aged men.
Before seeking an explanation for this it might be worth considering the
basis for deciding which of the men had coronary heart disease in this study.
The two incontrovertible grounds for diagnosing coronary heart disease are
electrocardiographic evidence of myocardial infarction and angina pectoris
TABLE 4. DISTRIBUTION OF SIGNS AND SYMPTOMS SUGGESTIVE OF
CORONARY HEART DISEASE AMONG 221 OLD MEN
Angina pectoris
ECG changes Absent Present Total
Myocardial infarction 3 5 8
ST segment depression > 1 mm. and/or T wave
inversion in left pectoral leads when patient
is at rest* 29 13 42
Other ECG abnormalitiest 11** 2 13
No ECG abnormalities 132 26 158
Total 175 46 221
* No man in this group was receiving digitalis therapy.
** Including one case of complete left bundle branch block omitted in error from case
group in previous analysis.
t Atrial fibrillation without other cause (5), complete left bundle branch block (4),
ST segment > 1 mm. depressed in left pectoral leads after moderate exercise in men
who were otherwise normal (4).
on exertion in the absence of certain other conditions such as anemia.'
Table 4 shows that 49 men came into one or both of these categories.
Coronary heart disease was, however, diagnosed in a further 40 men, 29 of
whom had an ECG tracing at rest which showed, in the left pectoral leads,
ST segment depression of at least 1 mm. or T wave inversion or both and
none of these were receiving digitalis therapy. Dawber and Kannel0"'
classify such a pattern as left ventricular hypertrophy, and although they
have shown that it predisposes to coronary heart disease, they do not
believe that it constitutes coronary heart disease itself. Our arguments for
including men who show such changes among our case group and labeling
them coronary heart disease are as follows: (1) "flat" depression of the
ST segment is the classical pattern found in the electrocardiograph during
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an attack of angina pectoris;1 therefore, since angina pectoris itself is
accepted as being diagnostic of coronary disease, it seemed reasonable to
accept the ECG pattern associated with it as being diagnostic of coronary
disease; (2) "sagging" depression of the ST segment is said to indicate
left ventricular strain. Table 5 shows that when four competent cardiol-
ogists read ECGs independently (one of them twice) they reached four-
fifths agreement about the presence of ST segment depression in 15 out
of the 21 times any of them thought it was present. Despite the fact they
were cognizant of the arterial pressure they were unanimous about the
nature of the depression in only three cases, and reached *. agreement about
TABLE 5. LEVEL OF AGREEMENT IN FIVE INDEPENDENT ASSESSMENTS OF 56
ECGS BY FOUR OBSERVERS AS TO PRESENCE OF ST SEGMENT DEPRESSION
OF AT LEAST 1 MM. IN LEADS V5 AND Vs*
Number of times pattern was
reported in a given ECG Number of ECG's
Five out of five 11
Four " " " 4
Three " " " 3
Two " " " 0
One "3
Total ECG's in which pattern
was reported at least once 21
*Although this table is published for the first time here, the study from which the
data are taken is reported in detail elsewhere.'
its nature in three more. Thus, although in this age group the general
pattern of ST segment depression can be picked out with some reliability,
"myocardial ischemia" and "left ventricular hypertrophy" are not clearly
distinguishable electrocardiographically;' (3) it is questionable whether a
clear differentiation could be made between the two groups post mortem.
Probably a small proportion of men in this age group with ST segment
depression and/or T wave inversion in left pectoral leads will show diffusely
scarred and fibrosed myocardia without any suggestion of hypertrophy, and
an equally small proportion will show left ventricular hypertrophy without
any obvious damage to the muscle, but in the latter there will almost cer-
tainly be coronary artery disease. Furthermore, in the majority which
remains there will be a mixture, in varying proportions, of fibrosis, hyper-
trophy and coronary artery disease; in other words, the vast majority will
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show atheroma of the coronary arteries ;* (4) a four-year follow-up study
by the author has not only shown that the men with this ST segment
depression pattern have the poorest prognosis of all the groups shown in
Table 4 but their deaths are most likely to be certified as falling into ISC
420 ("coronary artery disease").
It was thus impossible to differentiate between these two patterns on
a clinical basis. We felt that, while by including all cases of ST segment
depression and T wave inversion we might perhaps load our case group
with a few cases of hypertension who had left ventricular strain and no
coronary heart disease, it was quite possible no such men existed. On the
other hand, by excluding all men with the ECG pattern under consideration
TABLE 6. DISTRIBUTION OF MEAN SERUM CHOLESTEROL (MG.%) VALUES
FOR DIAGNOSTIC GROUPS SHOWN IN TABLE 4 (N = 209)
Angina pectoris
ECG changes Absent Present
Myocardial infarction 208 253
ST segment depression, etc. 209 219
Other 207 152
None 206 217
we would quite certainly lose many genuine cases of coronary heart disease
-that is, myocardial ischemia consequent to disease of the coronary
arteries. In effect we believe that in men of this age it is a matter of
semantics whether or not ST segment depression is actually called coronary
heart disease77""87 or, as the Framingham workers have classified it in
younger people, a condition with a peculiar liability for developing into
coronary heart disease. In 11 other cases (see Table 4) it was felt that
definite abnormalities in the electrocardiogram were also due to coronary
heart disease.
* Epidemiological data about the pathological state of the heart in this age group are
scanty and these presumptions are based on the following facts. Morris and Crawford, 21
using a four-grade scale ascending with severity have shown that in the National
Necropsy Survey all men who died of "ischemic heart disease" aged 60-70 had
atheroma of at least Grade III and in 92% of them it was Grade IV-or the "much"
category. Comparable figures for males aged 40-59 with hypertension, but not ischaemic
heart disease, are 62%o in Grade III or higher, and 32% in Grade IV. These authors
have not published details of older hypertensives, but Crawford and his colleagues'
suggest that the extent of confluent atherosclerosis increases with age. Parrish'"
found that only 6% of men of 70 and over with a blood pressure higher than 150/90
(a level which certainly does not indicate hypertension in this age group)' were free
of coronary atheroma.
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Tables 6 to 9 illustrate analyses of variance designed to show more of the
distribution between the various diagnostic groups for serum cholesterol
and diastolic blood pressure. It can be seen (Table 7) that there is
no suggestion of heterogeneity between the case and control groups.*
For diastolic blood pressure, however, it can be seen that those with
ST segment depression are responsible for the difference between cases and
controls reported in the earlier paper' (see also Table 2). Thus, among
these old men, too, there seems to be support for the two hypotheses set
out above. While infarction (and therefore presumably acute occluding
thrombosis) is associated with a raised cholesterol, another group exists
which has only a raised arterial pressure. It has been argued that in this
TABLE 7. ANALYSIS OF VARIANCE OF THE DATA DISPLAYED IN TABLE 6
(BETWEEN ECG GROUPS ONLY)
Source of variance Suims of squares d.f. F. P.
Between ECG groups 5,411.86 3 1.05 N.S.
Within ECG groups 388,449.66 205
Total 393,861.52 208
group there is an important pathological entity: a chronic process of
primary mural atheroma formation, which may or may not have become
the basis for thrombosis and stenosis. Here also, then, are grounds for
believing that while the massive-thrombosis-infarction group have a raised
cholesterol, there is no elevation of the cholesterol in men whose myocardial
ischemia may well not be due to the total occlusion with a thrombus of
a major vessel, but rather, as will be argued below, to advanced coronary
atheroma.
SYNTHESIS AND CONCLUSION
It has been shown that in many ways the epidemiology of coronary heart
disease in middle-aged men differs from that of such other cardiovascular
diseases as hypertension and cerebrovascular accidents-both of which are
heterogenous diagnostic groups but are closely associated with atheroma-
and that it also differs from the epidemiology of mural atheroma itself.
Evidence adduced here suggests that the epidemiology of coronary heart
* (a) The elevation of serum cholesterol in these men cannot be accounted for on a
basis of age alone. (b) The analysis of variance laid out in Table 7 would not be expected
to show heterogeneity in respect to the eight men with myocardial infarction whose
serum cholesterol was significantly raised (0.05 > P > 0.01) (see Table 6 and above)
because here the controls are grouped with "ECG abnormalities but no angina" on the
one hand, and with "angina but no ECG abnormality" on the other.
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disease in old men differs in several important respects from that in middle-
aged men; physical inactivity and cigarette smoking do not seem to predis-
pose to the disease inold men and in many cases the serum cholesterol is not
raised. Each ofthese absent correlations is characteristic of the epidemiology
of mural coronary atheroma, however. Now it is known that, despite a very
wide variability, the extent and severity of both the mural and stenotic ele-
ments in coronary artery disease increase with age in the individual, and
therefore presumably in thepopulation at large. Ittherefore seems reasonable
to suppose that the atheromatous element in coronary heart disease in the
living population becomes increasingly important with increasing age, and
conversely that with increasing age a less massive fresh thrombus is neces-
sary to occlude a main coronary artery. When this suggestion was first put
TABLE 8. DISTRIBUTION OF MEAN DIASTOLIC BLOOD PRESSURE (MM. HG)
FOR DIAGNOSTIC GROUPS SHOWN IN TABLE 4 (N = 218)
Angina pectoris
ECG changes Absent Present
Myocardial infarction 93 92
ST segment depression, etc. 100 104
Other 89 91
None 94 95
forward' itwascontradictedby Crawfordandhiscolleagues' onthegrounds
that between the ages of 24 and 59 years there was little increase with age in
the amount of atheroma underlying a fatal infarct; Crawford's findings are
nevertheless in nowayincompatiblewiththe suggestion, bothbecausehis sub-
jects are much younger-men who would not have survived to be studied in
an elderly population-and because the causes of sudden death do not form
a reasonable basis for drawing conclusions about disease among the living.
Despite the unsuitability of Crawford's material for examining the validity
of the present hypothesis, it should be noted that in his study 18 of the
25 cases under age 40 showed recent thrombi as compared with 11 of 25
aged 40-49 and only 10 of 25 aged 50-59 (X2(2) = 6.09, the critical value
when P = 0.05 being 5.99) ; and Morris' in his National Necropsy Survey
failed to find "much coronary atheroma" in "6 or 7" of 11 light or seden-
tary workers aged 45-49 years dying of their first infarct and in none of
the 11 was calcification reported, in contrast to older men who had more
atheroma, some of it calcified.
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Just as the extent and degree of coronary atheroma increases with age
in a population, so does the prevalence of ST segment depression; the rate
among the elderly Dubliners is higher than that reported among younger
populations in Framingham,' in a random sample of coal miners and farm
workers in South Wales1""'4 and in other more highly selected groups.'-'
Therefore, taking this fact together with the others mentioned above, it is
concluded that significant ST segment depression, with or without T wave
inversion in left pectoral leads at rest, is a rough reflection of the amount
of mural and stenotic coronary atheroma on a population, if not on an indi-
vidual, basis. It is also concluded that, while the new epidemic of the
TABLE 9. ANALYSIS OF VARIANCE OF DATA DISPLAYED IN TAPBLE 8
Source of variance Sums of squares d.f. F P
Between ECG groups 2,293.37 3 4.35 <0.01
Between ST segment depression,
etc. and other groups 2,066.30 1 11.77 <0.001
Other combinations 227.07 2 1.55 N.S.
Within ECG groups 37,583.73 214
Total 39,877.10 217
disease is due to increased intravascular coagulability of the blood, the
relative importance of the atheromatous element increases with increasing
age, but the increase is not caused by the serum cholesterol. This substance,
it would seem, is far more likely to be an indicator of a deranged fat
metabolism than an agent which itself plays any causal part in coronary
heart disease.
In order to develop these theories and to arrive at a relatively "simple
explanation" an argument has been put forward which contains many loose
ends and partially proven stages. It is, however, hoped that it will provide
a useful basis for future research.
SUMMARY
Epidemiological evidence is reviewed which suggests that:
1. It might be useful to make a distinction between atheroma which arises
in the arterial wall as a result of the lipid degeneration of the elastic tissue,
and that which arises in the arterial lumen as a result of the aggregation
of platelets which become organized on mural plaques.
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2. Elevation of the serum cholesterol is an indication that there is
a derangement of fat metabolism, and some aspect of this derangement, as
yet not fully understood, is associated with increased coagulability of the
blood.
3. The increasing amount of coronary heart disease in middle-aged men
is due principally to increased intravascular blood coagulability which may
result in frank thrombosis or to stenosing lesions in the lumen rather than
to an increased prevalence of atheroma within the arterial wall.
4. As men become older, the mural and stenotic atheromatous elements
in coronary heart disease become increasingly important, so that the
nature of the disease in the living population over the age of 65 differs from
that in the population of 40.
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